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Studies on Thysanuran Anatomy. By HH. T. Fernawp. 
, (Preliminary Communication.) 


The importance of a complete knowledge of the anatomy of the Thysanura 
for the intelligent consideration of questions relating to insect phylogeny, 
has led me to devote considerable attention to this group. A more complete 
paper, of the original portion of which this is but an abstract, is now ready 
for publication. 

The forms here considered are Anurida maritima, and Lepisma saccha- 
rina—the former quite fully, the latter only in a few particulars. 

In Anurida the two pairs of mouthparts—mandibles and maxillae—can 
be protruded from, or drawn into the cavity of the head where they lie in 
a sort of pocket, ventral to the pharynx. The digestive tract is composed 
of three chief divisions—fore, mid and hind gut—separated from each other 
by structures functioning as valves. The fore gut has no longitudinal mus- 
cles and the circular fibres have all their nuclei on the middle dorsal line 
of the gut. In the mid gut no chitinous lining is present, but the free 
surface of the epithelium is covered by fine hairs which constitute the 
“Hiirchensaum” described by Frenzel (Arch. f. Mik. Anat., XX VI, p. 229, 
1886). In molting, the nuclei of these cells divide, and the products of this 
division pass to opposite ends of the cells. The cells themselves now divide, 
and the portions nearest the lumen are set free. These form a mass which 
lies in the gut till the cuticula of the exterior of the body is thrown off, 
when it is expelled. 

A structure termed by Sommer (Zeits. w. Zool., XLI, p. 683, 1885) the 
“exkretionsorgane” in Macrotoma, is present in Anurida, and I regard it 
as homologous with the fat body of the higher insects. Its connection with 
the hypodermis, Sommer believes, proves that this is not correct, but my 
specimens appear to indicate that such a relation is only secondary. 

The heart lies on the dorsal middle line, and at its anterior end becomes 
continuous with the aorta, which passes forward and after a time bends 
ventrally and rests on the fore gut. Farther forward it entirely surrounds 
this, and extends below it to the sub-cesophageal ganglion. A little ante- 
rior to this point it abruptly ends. The neryous system consists of a brain, 
a sub-cesophageal ganglion and three ventral ganglia, one in each segment 
of the thorax. No abdominal ganglia occur, but the metathoracic ganglion 
appears to have resulted from the fusion of at least two. 

Tn each of the main nerve trunks, near its origin, lies a very large nucleus, 
more than twice the size of the nuclei of nerve cells, nuclei of the gan- 
glia or brain. I have been unable to ascertain its significance. From the 
brain are innervated the antenn and eyes; from the sub-cesophageal gan- 
glion, the mouth parts; from the thoracic ganglia, the different parts of the 
segments in which they are situated ; the metathoracic ganglion, in addition 
innervating the abdomen. One or two small ganglia with two or three 
nerve cells are present in the more distal joints of the legs. Tactile bristles 
are scattered over the surface of the body, and are especially abundant in 
the antenne and around the mouth. 

On the terminal joint of each antenna is a small trilobed organ, similar 
to the bilobed organ described for Campodea by Kingsley (Am. Nat., XVIII, 
p. 540, 1884.) I have traced its connection with a nerve fibre, and am 
inclined to look upon it as in some way aiding in the determination of the 
forms of the objects which it may touch. There are five eyes on each side 
of the head, each consisting of a neatly spherical mass of protoplasm con- 
taining four nuclei, and covered externally by the cuticula which is here 
smooth, though bearing small protuberances elsewhere. Immediately be- 
neath the protoplasm is a dense layer of pigment. The different eyes of 
each side are entirely independent, and lie some little distance apart. No 
structure resembling an ommatideum could be found. 

The post-antennal organ described by Laboulbéne is situated between the 
eyes and the base of the antenna, on each side of the head. It is a rosette 
like structure, consisting of from seven to nine ovoid bodies radiating from 
acentre. At the central end of each is a sort of pedicel or stalk joining the 


ovoid portion to the head.’ Both parts of the organ are filled by a pig- 
mented protoplasm continuous with the hypodermis. No nerve connection 
was observed. 

The abdominal vesicle is situated on the ventral surface of the first abdom- 
inal segment. It is cleft longitudinally and the hypodermic cells lining 
this cleft are glandular in appearance, and are larger than on the outer 
sides of the vesicle. Passing forward from this point on the ventral middle 
line of the body to a median cleft in the lower lip, is a small tube, in the 
formation of which both hypodermis and cuticula take part. 

In the posterior portion of the head are a pair of glands which resemble 
salivary glands and which I regard as their homologues here. From these 
glands a duct leads forward and soon fuses with its fellow, and the median 
duct thus formed passes along the under surface of the buccal cavity to a 
median cleft of the under lip, where, instead of emptying into the mouth, 
it turns downward and joins the ventral tube just described, This remark- 
able relation of the parts concerned I am unable to explain, although sure 
that no error of observation was made. Traces of a rudimentary “spring” 
occur in the fourth abdominal segment. The female reproductive organs 
are a pair of tubes, the ducts from which join, forming a median duct with 
a ventral diverticulum—the receptaculum seminis. The structure of these 
parts and the formation of ova is nearly the same as described by Sommer 
(l. c.) for Macrotoma. 

The number and arrangement of the male reproductive organs is the 
same as in the female except that there is no ventral diverticulum of the 
median duct. In both sexes the external opening of this duct is on the 
fifth abdominal segment. 

In the immature testis are groups of granules and scattered nuclei. These 
groups develop, the granules elongate, and form threads lying in bundles. 
Soon degeneration occurs, resulting in the formation of a quite homogeneous 
mass, with scattered nuclei, around which protoplasm collects, forming a 
sort of epithelium in which fat globules and spermatozoa are formed. 

Lepisma saccharina is larger than Anurida, and has ten abdominal seg- 
ments. Three anal cerci and several abdominal appendages are present, 
and the female has in addition a long ovipositor. 

The mouth parts are of the mandibulate type and cannot be retracted 
into the head. The digestive tract behind the brain gradually enlarges till 
near the end of the fourth abdominal segment, where it abruptly contracts, 
and now in its walls six chitinous rods are formed, armed with stout teeth, 
while the circular muscle layer becomes much developed. Beyond these rods 
the lumen becomes still smaller and turns dorsally, then suddenly bends 
ventrally and enters the stomach. This has extending forward from the 
entrance of the portion just described, six short ceca. It passes back into 
the seventh segment of the abdomen, where it makes a half circle to the 
left, and joins the ileam which completes the circle, passing dorsal to the 
stomach, and continues back about one segment when it enters the rectum. 
The rectum is a large irregularly shaped chamber with many folds and 
diverticula. It finally narrows and.leads by a very short straight tube to 
the anus. , 

The epithelium of the stomach bears a “ Hiirchensaum,” and in many 
places forms small erypts, the function of which is claimed by Oudemans 


_ to be the formation of new cells. The crypts are certainly suggestive of a 


glandular function, however. The stomach has no chitinous intima, but 
all the other parts of the digestive tract are lined by a cuticle. This is the 
case in the ileum, from the anterior end of which several Malpighian tubes 
are given off. The epithelium of the ileum is thrown into six longitudinal 
folds. This whole portion is supported by mesentaries passing in various 
directions, accompanied by muscle fibres. The rectal epithelium is col- 
umnar and its cell walls stain very faintly. The nuclei lie near the bases 
of the cells, 


Salivary glands of a simple nature and with no noteworthy features, are 
present. The fat body is apparently of the same structure as in Anurida, 

The heart leads forward into an aorta, which in the prothorax bends 
downward from the dorsal surface of the body till it touches the esophagus. 
It does not enclose this but soon becomes lost. The heart at its posterior 
end is wide open, somewhat like the mouth of a trumpet, anterior to which 
point it becomes small, and with very muscular walls. About two abdom- 
inal segments farther forward it quite rapidly enlarges till its lumen is 
seven or eight times as large as it was before, while the walls become thin- 
ner. The heart between here and the aorta has its usual structure, with 
ostia, none of which were observed in the muscular portion. 


A tracheal system is present, but I failed to ascertain its exact distribution. 

The nervous system consists of a brain, sub-cesophageal ganglion, three 
thoracic and eight abdominal ganglia. Of these the last thoracic and first 
two abdominal ganglia, and the seventh and eighth abdominal ganglia are 
partially fused. 

The brain is more complicated than in Anurida, calyces being present. 
No trace of the large nuclei at the origins of the main nerve trunks, was 
found. 

Each eye consists of twelve facets or ommatidea. Each ommatideum 
consists of a large cornea, beneath which are two corneagen cells. The 
crystalline cone has the form of a concayo-convex lens, and just lateral to 
it are the four cells of the vitrella. 

The rhabdomere is pyramidal, its base resting against the internal face 
of the crystalline cone. Surrounding it are four retinulae which are densely 
pigmented and the proximal ends of which perforate the basement mem- 
brane and become optic nerves. The ommatidea on the whole somewhat 
resemble those of Serolis. Between them are packed pigment cells. 

The position and structure of the reproductive organs of both sexes is 
much the same as in Anurida. 

Lepisma seems to represent about the highest grade of differentiation yet 
attained by the Cinura, while Anurida seems to have undergone a differen- 
tiation perhaps even greater, but followed by a degradation, probably cor- 
related with a change of habits and food. The internal anatomy of the 
Thysanura as a whole appears to confirm the Campodea theory advanced 
by Braur. 
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